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RESUMO 
Em ecossistemas costeiros, macrófitas atuam como substratos biológicos, 
abrigando uma diversa fauna, a qual representa muito da produção secundária nestes sistemas, 
podendo fazer a conexão entre produtores e níveis tróficos superiores. Dentre a fauna 
colonizadora, mesoherbívoros são pequenos herbívoros que utilizam um hospedeiro como 
alimento e abrigo, podendo ter fortes efeitos sobre a comunidade de produtores primários. 
Anfípodes herbívoros constituem um grupo abundante entre os mesoherbívoros em macrófitas, 
onde algumas espécies são relativamente sedentárias e constroem tubos ao longo do talo do 
hospedeiro. Dado sua associação íntima, e tamanho pequeno relativo ao hospedeiro, muitas das 
forças modulando os padrões de interação herbívoro-planta devem ocorrer nas pequenas escalas 
dentro do hospedeiro, especialmente dado que macrófitas apresentam considerável variação 
intra-indivíduo em valor nutricional e alocação de defesas. Portanto, é imperativo que 
entendamos estas interações na escala apropriada. Este trabalho investigou os padrões de 
utilização intra-alga de Sargassum, uma macroalga parda que apresenta considerável variação 
entre suas partes em valor nutricional e alocação de defesas, pelo anfípode herbívoro 
Sunamphitoe pelagica, o qual possui espectro restrito de hospedeiros. Para isto, foram 
observadas as distribuições de S. pelagica ao longo das porções apicais e basais de Sargassum 
em condições de campo e laboratório. Foram também investigadas as relações de preferência-
performance deste herbívoro em quatro estruturas (lâminas apicais e basais, talos apicais e 
basais) de Sargassum em laboratório. Nossos resultados mostram que este herbívoro apresenta 
baixa seletividade por porções apicais e basais de Sargassum, bem como por suas estruturas em 
escala intra-hospedeiro em laboratório, onde predação e competição estavam ausentes e fatores 
abióticos foram controlados. Em contraste, em condições de campo, onde fatores bióticos e 
abióticos estão presentes e podem atuar na distribuição dos organismos, Sunamphitoe se 
apresenta majoritariamente em porções apicais. Tal padrão de distribuição em campo é 
dependente da carga de epífitas, com uma relação negativa entre a densidade de Sunamphitoe 
e a biomassa de epífitas em porções apicais de Sargassum. Além disso, esta relação com a carga 
de epífitas só aparece quando escalas intra-alga são consideradas, não sendo observados efeitos 
do epifitismo na densidade de Sunamphitoe em amostras de frondes inteiras de Sargassum. 
Portanto, padrões intra-hospedeiro de utilização de recurso por pequenos herbívoros podem ser 
complexos, dinâmicos e dependentes de escala, com fatores extrínsecos ao hospedeiro 
possivelmente modulando a distribuição intra-hospedeiro em campo e a baixa seletividade do 
herbívoro flexibilizando o uso do hospedeiro, o que pode resultar em menor exposição a 
estresses bióticos e abióticos. 
 
ABSTRACT 
Macrophytes constitute a major portion of the autotrophic biomass and primary 
production in coastal marine ecosystems. These organisms also act as biological substrates, 
harboring a diverse fauna, which represents much of the secondary production in these systems 
and may be an important link between producers and higher trophic levels. Amongst the faunal 
colonizers, mesoherbivores are small herbivores that use a plant host as food and shelter, and 
may have strong impacts on primary producer communities. Herbivorous amphipods constitute 
an abundant group of mesoherbivores associated with macrophytes, where some are relatively 
sedentary species that build tubes along the host thallus. Given their intimate association and 
relative small size to the host, most of the forces driving the patterns of plant-herbivore 
interactions might happen at the small within-host scales. This should be especially the case 
since macrophytes may show considerable variation within parts of a same individual in 
nutritional value and defense allocation. It is, thus, imperative that we understand such 
interactions at the appropriate scale. This work investigated the patterns of within-host 
utilization by the restricted host-ranged herbivorous amphipod Sunamphitoe pelagica on 
Sargassum, a brown macroalga that shows considerable intrathallus variation in nutritional 
value and defense allocation. For that, the distribution of S. pelagica on apical and basal 
portions of Sargassum was assessed under field and laboratory conditions. We also investigated 
the preference-performance relationship of this amphipod on four Sargassum structures under 
laboratory conditions (apical blades and stems, basal blades and stems). Our results show that 
this restricted host-ranged herbivore exhibits a high degree of within-host non-selectivity under 
laboratory conditions, where predation and competition are absent and abiotic factors are 
controlled. In contrast, under field conditions, where biotic and abiotic factors may play an 
important role, Sunamphitoe occurs at higher densities on apical portions. However, such field 
pattern is dependent on epiphytic load, with a negative correlation between Sunamphitoe 
density and epiphyte biomass on apical Sargassum portions. Also, this relationship with 
epiphytic load only appears when intrathallus scales are considered, with no effects of epiphyte 
biomass on Sunamphitoe densities on whole thallus samples of Sargassum. Thus, within-host 
patterns of resource utilization by small herbivores may be complex, dynamic and dependent 
on scale, with factors extrinsically to the host possibly modulating within-host herbivore 
distribution in the field, and herbivore non-selectivity incurring flexibility in host usage, which 
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1. INTRODUÇÃO GERAL 
Macrófitas são organismos de fundamental importância em ecossistemas costeiros, 
tanto pela sua produção primária (Ryther 1963, Platt & Subba Rao 1975, Smith 1981, Nixon et 
al. 1986, Duarte & Cebrian 1996) como por atuarem como substratos biológicos (Parker et al. 
2001). Tais organismos formadores de hábitat fornecem refúgio e alimento para uma diversa 
fauna de invertebrados (Holmlund et al. 1990, Edgar & Robertson 1992, Duffy & Hay 1994, 
James & Heck 1994, Jacobi & Langevin 1996, Jacobucci & Leite 2014), além de atuar como 
substrato para o desenvolvimento de algas epífitas (Roberts et al. 2008, Machado et al. 2017, 
Machado et al. 2019a). Dentre os invertebrados que ocupam macrófitas, os anfípodes 
constituem um grupo diverso e abundante (Taylor & Cole 1994, Tanaka & Leite 2003, Christie 
et al. 2009, Machado et al. 2019a), sendo que alguns são herbívoros que utilizam o hospedeiro 
como refúgio e alimento (mesoherbívoros) (Duffy & Hay 1994, Gutow et al. 2011). Estes 
pequenos herbívoros fazem a conexão entre produtores e níveis tróficos superiores, podendo 
ter grandes efeitos reguladores em comunidades costeiras (Taylor 1998, Duffy & Hay 2000, 
Roberts et al. 2006). 
As características morfológicas e químicas das algas determinam seu valor como 
alimento e refúgio contra fatores adversos (e.g. predação, ação de ondas) para os 
mesoherbívoros (Duffy & Hay 1991, 1994, Cruz-Rivera & Hay 2001, Sotka 2007). Além de 
grandes diferenças morfológicas e químicas entre macrófitas de diferentes espécies, estes 
organismos também apresentam considerável variação entre partes de um mesmo indivíduo 
(Cronin & Hay 1996, Cruz-Rivera & Hay 2001, Taylor et al. 2002, Duarte et al. 2011) criando 
micro-habitats de diferentes valores nutricionais e de refúgio (Poore 1994, Cronin & Hay 1996, 
Gutow et al. 2011). Neste caso, mesoherbívoros podem ter preferência por estruturas mais 
nutritivas ou menos defendidas de um hospedeiro, bem como estruturas com maior valor de 
refúgio, e estas diferenças podem regular os padrões de abundância destes herbívoros em um 
hospedeiro (Cronin & Hay 1996, Toth & Pavia 2002, Taylor et al. 2002, Duarte et al. 2011, 
Gutow et al. 2011).  
Dado o pequeno tamanho dos mesoherbívoros em relação ao hospedeiro, e 
considerando que macrófitas apresentam consideráveis variações químicas e morfológicas em 
escala entre suas diferentes partes e estruturas, devemos esperar que muitas das interações 
herbívoro-planta, envolvendo mesoherbívoros, ocorram nas pequenas escalas intra-hospedeiro 
percebidas por estes organismos. Dado que escala e padrão estão intimamente associados 
(Hutchinson 1953, Levin 1992) e que processos em uma escala podem modular padrões em 




conhecimento de como pequenos consumidores interagem com seus hospedeiros em escalas 
intra-hospedeiro, especialmente considerando que estes pequenos herbívoros tem demonstrado 
grande potencial de regular a biomassa de seus hospedeiros (Duffy & Hay 1991, Brawley 1992, 
Taylor 1998, Duffy & Hay 2000, Toth et al. 2007). 
A alga parda Sargassum é uma macrófita comum de regiões tropicais e subtropicais 
(Trono & Lluisma 1990, Széchy & Paula 2000) e apresenta considerável variação intra-alga 
quanto à estrutura morfológica, defesas e valor nutricional (Taylor et al. 2002). Esta alga 
também abriga uma diversa fauna de invertebrados e algas epífitas (Leite & Turra 2003, 
Jacobucci et al. 2009b, Machado et al. 2017). Desta forma, mesoherbívoros podem perceber 
uma única fronde de Sargassum como um espaço heterogêneo quanto à disponibilidade de 
alimento e refúgio, os quais podem regular a abundância de herbívoros em diferentes partes de 
um hospedeiro (Cronin & Hay 1996, Taylor et al. 2002, Toth & Pavia 2002, Fairhead et al. 
2005, Duarte et al. 2011, Gutow et al. 2011). Podemos também esperar que mesoherbívoros 
com distribuição mais restrita a algumas poucas espécies de hospedeiros sejam mais fortemente 
afetados por variações entre partes de um hospedeiro do que espécies mais generalistas (Cronin 
& Hay 1996, Gutow et al. 2011). 
O anfípode herbívoro Sunamphitoe pelagica é um herbívoro com distribuição 
restrita a poucos hospedeiros, com a maioria das ocorrências em Sargassum (Machado et al. 
2017, Machado et al. 2019a). Dado a sua distribuição restrita em Sargassum, este 
mesoherbívoro constitui um organismo modelo adequado para investigação das interações 
herbívoro-planta em escalas intra-alga com o seu hospedeiro. Este trabalho conduziu esta 
investigação por meio de observações da distribuição de S. pelagica ao longo da fronde de 
Sargassum em campo e laboratório. Também foram avaliados os padrões de preferência e 
performance deste anfípode em quatro estruturas de Sargassum em laboratório (lâminas apicais, 
talos apicais, lâminas basais e talos basais), bem como se tais padrões de preferência e 
performance são explicados pelo valor nutricional e alocação de defesas destas diferentes 









Within coastal marine systems, macrophytes (e.g. macroalgae, seagrasses and 
mangroves) are important producers, contributing with at least 35% of coastal carbon 
production and representing ~75% of these systems’ autotrophic biomass (Ryther 1963, Platt 
& Subba Rao 1975, Smith 1981, Nixon et al. 1986, Duarte & Cebrian 1996). Macrophytes are 
not only important in terms of productivity, but also because they act as biological substrates 
(Parker et al. 2001), harboring a diverse invertebrate fauna (Roberts et al. 2008, Machado et al. 
2019a), as well as epiphytic algae (Brawley 1992, Pavia et al. 1999, Duffy 1990, Berthelsen & 
Taylor 2014, Machado et al. 2017). 
 By acting as hosts for colonizing organisms, these biological substrates may 
increase diversity and biomass in the system through increases in available space and habitat 
heterogeneity. Hosts might also offer refuge by making prey less visually and chemically 
conspicuous as well as deterring predators, in the case of chemically defended hosts (Holmlund 
et al. 1990, Edgar & Robertson 1992, Duffy & Hay 1994, James & Heck 1994, Jacobi & 
Langevin 1996, Jacobucci & Leite 2014). Additionaly, hosts might also act to reduce abiotic 
stresses like dislodgement by wave action and thermal stress (Sotka 2007, Gutow et al. 2011). 
Species of macrophytes differ greatly from each other in terms of structure and 
chemical composition (Cruz-Rivera & Hay 2001), but may also show important morphological 
and chemical variations between parts of a same individual (Cronin & Hay 1996, Taylor et al. 
2002, Duarte et al. 2011). This variation may act to create a myriad of micro-habitats that differ 
in their nutritional and refuge values for the colonizing organisms (Poore 1994, Cronin & Hay 
1996, Gutow et al. 2011). For instance, the softer, actively growing tissues, like the apical 
structures, might be more chemically defended, while the anchoring structure, the basal stem, 
might be more mechanically (toughness) defended, since damage on this structure might detach 
the entire algal individual (Feeny 1976, Omeiss & Baldwin 2000, Taylor et al. 2002). 
Amongst the faunal colonizers of macrophytes, amphipods constitute a very diverse 
and abundant group (Taylor & Cole 1994, Tanaka & Leite 2003, Christie et al. 2009, Machado 
et al. 2019a). Some amphipods are herbivores that use the host as food and shelter (i.e. 
mesoherbivores, Duffy & Hay 1994, Gutow et al. 2011) and, thus, they are intimately associated 
with host dynamics and characteristics. These small herbivores may act as links between 
primary producers and higher trophic levels, with the potential of regulating entire coastal 
communities (Taylor 1998, Duffy & Hay 2000, Roberts et al. 2006). Herbivores may show 
preference for more nutritive or less defended host structures, as well as for structures that deter 




2002, Taylor et al. 2002, Duarte et al. 2011, Gutow et al. 2011). More importantly, an 
herbivore’s choice might evolve in response to complex interactions and trade-offs between the 
different values of a structure in different contexts (e.g. value as food x defense level x refuge 
value) (Duffy & Hay 1991, Pérez-Matus & Shima 2010, Gutow et al. 2011). For example, a 
host might show high nutritional value, but offer little refuge from predators, such that 
herbivore’s fitness is greatly reduced by predation, despite the great quality of the host as food 
(Duffy & Hay 1991, Duffy & Hay 1994). 
 Given mesoherbivores’ small size relative to the host, it should be expected that 
many of the plant-herbivore interactions, involving mesoherbivores, to occur on the small 
within-host scales perceived by these organisms, with important consequences for the systems 
they constitute. However, most studies have focused in between-host scale interactions (Hay et 
al. 1988, Buschmann 1990, Duffy & Hay 1991, McDonald & Bingham 2010, Gutow et al. 
2011). This is specially concerning given the known morphological and chemical within-
individual variations in macrophytes (Cronin and Hay 1996, Taylor et al. 2002, Duarte et al. 
2011) and that, given the small size of such herbivores, they are likely more strongly influenced 
by within-host variability (Gutow et al. 2011, Chave 2013). 
Thus, mesoherbivores might perceive a single frond as patches of different 
palatability and this, in turn, might lead to differences in herbivore’s preference and 
performance in different structures within an algal frond. Such relationships may end up 
regulating herbivore’s abundance on different host parts (Cronin & Hay 1996, Taylor et al. 
2002, Toth & Pavia 2002, Fairhead et al. 2005, Duarte et al. 2011, Gutow et al. 2011). Also, it 
should be expected that mesoherbivores with restricted host ranges to be more strongly affected 
by within-host variations than the more generalist counterparts, given that these specialists will 
not exploit alternative options in other hosts (Cronin & Hay 1996, Gutow et al. 2011). 
 Scale and pattern are intimately associated (Hutchinson 1953, Levin 1992) and 
processes in one scale can drive patterns in other scales (Levin 1992, Denny et al. 2004, Chave 
2013). Thus, it is urgent that we increase our knowledge on how these small consumers interact 
with their hosts at the within-host scale, especially because their role in regulating host biomass 
with effects on community structure has been increasingly acknowledged (Duffy & Hay 1991, 
Brawley 1992, Taylor 1998, Duffy & Hay 2000, Toth et al. 2007). 
 In this study, we investigated the factors driving the distribution of a restricted host-
ranged mesoherbivore, Sunamphitoe pelagica, in its major host-alga, Sargassum filipendula, 
from the perspective of within-host scales. We addressed this issue from observations of the 




laboratory conditions. We also investigated the patterns of preference and performance of this 
amphipod on four Sargassum structures in the laboratory (apical blades, apical stems, basal 
blades and basal stems) and attempted to relate these patterns with the nutritional value and 
defense allocation estimates of these structures. 
 
3. OBJECTIVES 
In the present study, we investigated the factors driving the distribution of the 
mesograzer Sunamphitoe pelagica at a small spatial scale within Sargassum thallus. For that, 
we asked the following questions: 1) Does the density of S. pelagica in situ vary between apical 
and basal portions of Sargassum? 2) Does the distribution of S. pelagica vary along Sargassum 
thallus under laboratory conditions? 3) Does the feeding behavior (i.e. feeding preference and 
rate) of S. pelagica depend on the structure of Sargassum thallus offered as food (i.e. apical 
blades, apical stem, basal blades and basal stem)? 4) Are the habitat and feeding behaviors of 
S. pelagica explained by the performance consequences of feeding on different Sargassum 
structures? 5) Does the nutritional quality of Sargassum structures explain the feeding behavior 
and habitat use of S. pelagica? 
 
4. MATERIAL AND METHODS 
4.1 Study system 
The brown seaweed Sargassum filipendula (Phaeophyceae) (from here on referred 
to as simply Sargassum) is a very common macrophyte in tropical and subtropical regions 
(Trono & Lluisma 1990, Széchy & Paula 2000). In the coastal regions of Southeast Brazil this 
algal genus frequently forms extensive algal beds in the mid- and infralittoral zones (Széchy & 
Paula 2000, Jacobucci & Leite 2006, Jacobucci & Leite 2014). Acting as biological substrates, 
Sargassum harbors a myriad of invertebrate taxa (Leite & Turra 2003, Jacobucci et al. 2009b, 
Machado et al. 2017) and epiphytic algae (Jacobucci et al. 2009a, Machado et al. 2017). This 
brown alga shows considerable intrathallus variation in morphology, with parts of the thallus 
differentiated into leaf-like structures (here termed blades), stems and a holdfast that attaches it 
to the substrate (Taylor et al. 2002). Moreover, a single frond is constituted of structures of 
different ages, with the basal portions being older and the apical portions being younger, where 
meristematic tissues are concentrated (Yoshida et al. 1983, Taylor et al. 2002). This age pattern 
gradient and morphological differentiation are bound to lead to differences in algal structure 




important in terms of algal fitness than others (Cronin & Hay 1996, Taylor et al. 2002, Pavia et 
al. 2002, Duarte et al. 2011). 
The herbivorous amphipod Sunamphitoe pelagica (family Ampithoidae) is a 
restricted host-ranged herbivore, as generally observed for the genus Sunamphitoe (Poore et al. 
2007; therein referred as Perampithoe, which is now accepted as Sunamphitoe, according to 
Peart & Ahyong (2016)), with major occurrences in Sargassum, and some minor occurrences 
in other algae (Machado et al. 2017, Machado et al. 2019a). This small amphipod is relatively 
sedentary, building tubes on the host alga and consuming algal material on the periphery of the 
tubes, as it is common for Ampithoidae species (Brawley 1992, Poore & Steinberg 1999, Cruz-
Rivera and Hay 2003). Given its restricted distribution on Sargassum, S. pelagica is a suitable 
model organism for studies addressing interactions in within-host scales. 
 
4.2 Study area 
Seaweeds and amphipods were collected at Fortaleza beach (23º32’S,45º10’W), in 
the municipality Ubatuba, on the north coast of the state of São Paulo, Brazil. In this area, 
Sargassum constitutes the dominant macroalga in the subtidal zone, occurring with other 
seaweeds, including Canistrocarpus cervicornis (equals Dictyota cervicornis), Dichotomaria 
marginata (equals Galaxaura marginata) and Padina gymnospora (Jacobucci & Leite 2006, 
Machado et al. 2019a). Also, epiphytic algae are often found growing on Sargassum at the study 
area, such as Dictyopteris delicatula, Canistrocarpus cervicornis and Hypnea musciformis 
(Paula & Oliveira Filho 1980, Széchy & Paula 2000, Jacobucci & Leite 2006). A diverse fauna 
of amphipods can be found associated with macroalgae in this area (Machado et al. 2019a), 
including members of the family Ampithoidae, which is known to be represented by tube-
building herbivorous species (Brawley 1992, Poore & Steinberg 1999, Cruz-Rivera and Hay 
2003). The ampithoid Sunamphitoe pelagica occurs in high abundance in Sargassum in the 
study area, although it can also be found in other brown algae, such as Padina gymnospora 
(Machado et al. 2017, Machado et al. 2019a). 
  
4.3 Nutritional analyses of algal structures  
To evaluate if the nutritional quality of Sargassum structures explain the feeding 
behavior and habitat use of S. pelagica, nutritional analyses (Carbon : Nitrogen ratio) of each 
algal structure were carried out. Nutritional quality was estimated as the amount of nitrogen 




C:N values. We expected the apical, actively growing, tissues of Sargassum to have a higher 
nutritional quality. 
 We also estimated the amount of defensive compounds (phenolics) of each algal 
structure, since these might affect amphipod distribution (Duffy & Hay 1994, Taylor et al. 
2002). We expected the apical structures to show higher concentrations of these defensive 
compounds, since they present valuable tissues, such as apical meristems (Yoshida et al. 1983). 
 Finally, we quantified and identified the pigment content of each algal structure, 
considering structures with higher concentrations of photosynthetic pigments to be more 
important as they should comprise photosynthate sources. We expected the blades to show 
higher pigment content relative to stems. 
 We hypothesized that the distribution of S. pelagica along Sargassum thallus 
should be related to the food value varying across portions of this macroalgal host, with the 
amphipod showing preferences for algal portions and structures of higher food value. We 
expected that food value should explain S. pelagica’s distribution because specialists have been 
shown to be relatively more tolerant to host chemical defenses (Duffy & Hay 1994, van der 
Meijeden 1996, Jormalainen et al. 2001a, Ali & Agrawal 2012). 
 Twenty Sargassum fronds were collected at Fortaleza beach on November 2017 
and transported to the laboratory, where they were cleared from visible epiphytes and fauna by 
washing the fronds in freshwater. Within two days of sampling, the four algal structures (apical 
blade, apical stem, basal blade and basal stem) were excised, separated in plastic bags and 
frozen for subsequent processing. The structures were then oven dried at 40ºC and weighed 
every 4h after the first 24h until no significant changes in weight were verified in the dried 
material (measured on a 0.001g precision balance). The dried material was then freeze dried 
with liquid nitrogen and ground to a fine powder using pestle and mortar. Because we required 
significant amounts of dry weight material (approximately 5g) for each structure, we had to 
pool the excised structures from the 20 collected algal fronds. The subsequent analyses were 
carried out by resampling the pooled material of each structure three times and, thus, generating 
the replicates. This procedure generates pseudoreplicates that are informative of the mean for 
each algal trait, but presents little information on the variance of these traits (since the pooling 
procedure blends the natural variation observed). However, this procedure was the one most 
accessible in terms of ecological and conservational contexts, since a true sampling procedure 
would require a far too large number fronds being collected, which would be both logistically, 
and most importantly, ecologically, non-viable, since it could greatly impact the study area. We 




transported to the Laboratory of Marine Algae of the University of São Paulo (LAM-USP) 
where analyses of phenolic and pigment contents were carried out. Also, another sample of 
each structure was sent to the Chemical Analytical Centre of the University of São Paulo where 
they were analyzed for carbon and nitrogen contents. 
We used Carbon : Nitrogen ratio (C:N) as an estimator of the nutritional quality of 
each algal structure. Lower C:N ratio indicates higher nutritional quality of algal tissue since 
nitrogen is considered to be a limiting nutrient for herbivores due to the proportionally higher 
nitrogen concentration in their body tissues (Mattson 1980, Sterner & Hessen 1994, Van 
Alstyne et al. 2009). The carbon, nitrogen and hydrogen contents were quantified for each of 
the four Sargassum structures (n = 3 per structure) through elemental analyses based on the 
Pregl-Dumas methods. Samples were combusted in pure oxygen atmosphere (Perkin Elmer 
2400 series II elemental analyzer) and the resulting gases quantified in TCD detector (thermal 
conductivity detector).  
 Phenolics are compounds well known as an anti-herbivore defense (Pavia et al. 
1997, Vihakas 2014) and, thus, in the present study, they were estimated to investigate if the 
feeding behavior of S. pelagica was related to chemical defenses presented by Sargassum 
structures. Phenolics of each algal structure were extracted in methanol and reacted in Folin-
Ciocalteu solution. The solution was analyzed in spectrophotometer and the absorbance values 
at the 760nm peak were obtained. Absorbance at this wavelength for the product of the Folin-
Ciocalteu reaction is known to be related to phenolic content (Singleton et al. 1974, Blainski et 
al. 2013). The concentration of phenolics (mg/ml) in each structure was estimated from the line 
equation of standard curves of absorbance on known concentrations of the phenolic compounds 
galic-acid and phloroglucinol. 
Pigment identity and concentration were analyzed to estimate the photosynthetic 
potential of each algal structure. Since concentration of a pigment and absorbance are directly 
proportional (Lichtenthaler & Buschman 2001), we interpreted higher absorbance values as 
higher concentrations of a given pigment. There is also evidence that greater concentrations of 
photosynthetic pigments are correlated with higher photosynthetic rates (Emerson 1929, 
Buttery & Buzzell 1977, Ferreira dos Santos et al. 2013). We used pigment content as an 
indicator of the value of a given structure to the plant, at least in terms of photosynthate 
production. The pigments of each algal structure were extracted (n=3 per algal structure) in 
methanol and the extraction analyzed in spectrophotometer in the range of 200-800nm 
comprising the visible light and UV radiation spectra. Pigment identity was established by 




the literature. All structures presented peaks in the same spectral regions. An interval was 
defined around each observed peak and the absorbance values within the interval were 
averaged. Since the peaks are irregular and the width of different peaks differs greatly (see 
Results), the intervals had to be defined somewhat arbitrarily for each peak. Also, since the 
absorbance was not compared between peaks on different wavelength values and, within each 
peak at a defined wavelength, each structure had the same number of observations and the range 
of values included the peaks of all the four algal structures, we believe that the defined 
absorbance ranges are valid for the analysis. The averaged absorbance was the peak absorbance 
value for an algal structure, in a given spectral region peak, used in the analyses. 
 
4.4 Distribution of Sunamphitoe pelagica within Sargassum thallus  
To evaluate whether the density of S. pelagica varies between apical and basal 
portions of Sargassum, sampling of different portions of this macroalga was carried out 
seasonally. We expected that the density of S. pelagica varies along the Sargassum thallus 
because different portions of this algal host are likely to present distinct food values for 
herbivores (Taylor et al. 2002). At each sampling event, three sampling groups were collected: 
apical portion, basal portion and whole thallus of Sargassum. The apical and basal portions 
represent the upper and lower halves of a Sargassum thallus, respectively. The whole thallus 
constitutes sampling of entire algal individuals and was used to assess if different patterns of 
association of Sunamphitoe with Sargassum emerges when different scales are considered 
(within-host scale X whole thallus scale). In order to detect possible seasonal variation in the 
association of S. pelagica with the apical and basal portions of Sargassum, sampling was carried 
out twice per season throughout 2017 (n = 8 per sampling group and season): summer (January 
and February), autumn (April and June), winter (July and August) and spring (October and 
November). 
Sargassum samples were randomly collected underwater through snorkeling and 
stored in 0.2 mm mesh size bags in order to retain the associated fauna. Apical and basal 
portions of Sargassum were collected by storing in a bag only the algal portion of interest and 
discarding the remaining portion in order to assure the independency of samples. Thus, apical 
and basal portions of Sargassum came from different fronds. Immediately after sampling, 
collected organisms were transported to the University of Campinas, UNICAMP, state of São 
Paulo. In the laboratory, samples were washed in freshwater to remove the associated fauna and 
epiphytic algae. The fauna was preserved in 70% alcohol and, subsequently, Sunamphitoe 




of Sargassum and epiphytic algae was obtained on a 0.001g precision balance after removing 
the excess water with a salad spinner. The density of S. pelagica for each sample was estimated 
as the number of individuals per mass of Sargassum (g).  
 
4.5 Cultures of amphipods and algae  
To perform all the laboratory experiments described below, individuals of 
Sunamphitoe pelagica and Sargassum were collected at the study area and maintained under 
laboratory conditions. Amphipods were kept in a plastic aquarium (20 L) filled with filtered 
seawater and fed Sargassum. New individuals were periodically introduced into the aquarium 
in order to maintain the genetic variability within the amphipod culture. Algae were stored in a 
100L aquarium filled with seawater. Both amphipod culture and algae stocks were constantly 
aerated using air pumps and kept in a room under 23ºC temperature and 12:12 photoperiod. 
 
4.6 Habitat choice experiment 
To test if the field distribution of S. pelagica along Sargassum thallus is a result of 
the habitat selection by this herbivorous amphipod, a laboratory experiment was conducted on 
February 2017. In order to accomplish this, amphipods were allowed to colonize Sargassum 
fronds under controlled laboratory conditions and its density assessed on the algal apical and 
basal portions. We expected that the habitat choice of S. pelagica should relate to the food value 
presented by apical and basal portions of Sargassum, with the amphipod showing preference 
for the more nutritious portion. 
Amphipods were obtained from the stock culture maintained in the laboratory. 
Sargassum fronds used in the experiment were freshly collected at the study site. The fronds 
were washed in freshwater in order to assure the removal of mobile fauna and epiphytic algae. 
Algal fronds (~ 10cm in length and 15-20 ml of thallus volume) had the holdfast attached to 
small marble blocks with nylon fiber to assure they would remain immersed and upheld in the 
experimental aquaria. The experimental fronds were introduced into 20 L plastic aquaria filled 
with filtered seawater. A total of sixteen amphipods were added to each experimental replica 
(total of eight aquaria) and the experiment was run for 24 h under temperature of 23ºC and 
12:12 photoperiod. Given that S. pelagica builds tubes within approximately 30 minutes after 
settling on the host structures, showing little movement afterwards (personal observation), we 
considered 24 h of experiment appropriate for this colonization assay. 
At the end of the experiment, from each experimental replica, only a single portion 




portions” (n = 4 for each algal portion group). The remaining portion of Sargassum in an 
experimental replica was termed as a “discarded portion”. As in the field study, this procedure 
assured the independency of samples, since apical and basal samples originated from different 
experimental fronds. The proportional S. pelagica density (D) that colonized a given apical or 
basal sample in each experimental replica was given by: D = [NT/ (NT + ND)]/ST, where NT is 
the number of amphipods in the treatment portion, ND is the number of amphipods in the 
discarded portion and ST is the Sargassum biomass of the treatment portion. This methodology 
was chosen in order to correct the density of S. pelagica in a treatment portion for amphipods 
that died or escaped from the fronds at the moment of sampling and, thus, it considered only 
the number of amphipods that were actually present at the experimental frond at the end of the 
experiment. 
 
4.7 Feeding choice and no-choice experiments 
To test if the feeding behavior (i.e. feeding preference and rate) of S. pelagica 
depends on the structure of Sargassum thallus offered as food (i.e. apical blades, apical stem, 
basal blades and basal stem) and, consequently, if it could explain the field distribution of this 
herbivorous amphipod along Sargassum thallus, feeding experiments were conducted in 
laboratory on April and June, 2017. In order to evaluate feeding behavior of S. pelagica, 
amphipods were fed four distinct Sargassum structures representing both apical and basal 
portions in multi-choice (feeding preference) and no-choice (feeding rate) experiments: apical 
blades (AB), apical stem (AS), basal blades (BB) and basal stem (BS). We expected the 
amphipods to show preference for structures of higher nutritional value as well as compensatory 
feeding rates (increased feeding rate) for structures of lower quality.  
For these experiments, algal structures were obtained from freshly collected 
Sargassum fronds. In the laboratory, algal fronds were cleared of visible epiphytes and sessile 
fauna, and washed on freshwater for removal of mobile fauna. Adult amphipods were obtained 
from the laboratory cultures.  
To test the feeding preference of S. pelagica, the four Sargassum structures were 
offered simultaneously. To randomize any effect of individual frond in the experiment, pieces 
of each algal structure were cut and pooled from 20 different individual fronds. Each replicate 
consisted of pieces of each structure (~ 100 mg) offered to a single adult amphipod in a cup 
with 300 ml of filtered seawater (n = 20) for 60 h. Algal pieces were blotted dry and weighed 
at beginning and end of the experiment. During the experiment, algal structures were kept 




underwater by adding pebbles in the center of the mesh square. This design was necessary to 
prevent the amphipod from joining the offered structures (when structures are offered freely in 
aquaria, amphipods glue them together using a silk-like substance produced in pereopds 3 and 
4) and to help identify each structure at the end of the experiment. Also, to control for algal 
autogenic changes, replicates (n = 20) with algal structures, but no amphipods, were kept under 
the same conditions and for the same period. At the end of experiment, amphipods were 
preserved in 70% alcohol and the size of each individual was obtained by measuring its length 
from the insertion of the first antennae in the head to the telson. The consumption was corrected 
by the amphipod size and autogenic changes of algal tissues using the following formula 
(adapted from Cronin and Hay, 1996): C = [(M0 x Cf / C0) – Mf]/S, where, M0 and Mf are the 
treatment algal structure mass before and after consumption, respectively; Cf and C0 are the 
mass of the corresponding control replicate at the beginning and end of the experiment, 
respectively; and S is the size of the amphipod.  
 To evaluate the feeding rate of S. pelagica on each algal structure, a no-choice 
feeding experiment was carried out. Each replicate consisted of one algal structure (~ 100 mg) 
offered to a single adult amphipod in a cup with 60 ml of filtered seawater (n = 16-18 per algal 
structure) for 60 h. To correct the algal mass for autogenic changes, replicates (n = 16 – 18) 
with algal structures, but no amphipods, were kept for the same period. The same methods to 
estimate consumption described above were applied for this experiment.  
 
4.8 Performance experiment 
To test if the habitat use and feeding behavior of S. pelagica were related to the 
performance consequences of feeding on different Sargassum structures, a long-term feeding 
experiment using juveniles was carried out on November 2017. The experiment consisted of 
raising S. pelagica juveniles on restricted diets of each of the four Sargassum structures and 
then analyzing performance variables. We expected a positive correlation between preference 
and performance for a given structure, such that amphipods should perform better on preferred 
structures. We also expected performance to be explained by the nutritional quality of a 
structure, such that amphipods should perform better on structures of higher nutritional quality. 
 Newly born S. pelagica juveniles (0 to 4 days old) were obtained from females 
carrying eggs or juveniles. A total of 21 females were individualized in cups until the juveniles 
hatched and had been released after female molting. The mother female from which each 
juvenile originated was recorded. Since we did not measure the initial size of the actual 




preserved in 70% alcohol immediately before the experiment started and had their size 
measured, which was used as a proxy of the initial size of the offspring of each female. A total 
of 150 juveniles were obtained from the females, composing 30 replicates for each of the 
following treatments (n = 23-27 per treatment at the end of the experiment): apical blade, apical 
stem, basal blade, basal stem and control (no food). Each juvenile was kept in a cup with only 
one of the five diets and 60ml of filtered seawater. To minimize hereditary effects, every 
treatment had representatives of each female clutch. Water was replaced and cups were washed 
every five days. For the treatments with algal structures, amphipods were fed algal tissues 
without visible epibionts. The experiment was checked daily for mortality and females that had 
ovulated (i.e. deposited ovules on the brood pouch). Dead amphipods were preserved in 70% 
alcohol for posterior size measurement and the number of days lived recorded. Individuals that 
died before all amphipods in the control group had perished were not registered since death was 
not attributed to the diet treatment. After 29 days, when all females of at least one treatment 
had ovulated, the experiment was terminated. All remaining individuals were preserved in 70% 
alcohol.  
Four performance variables were then derived for each treatment group: 1) survival, 
defined as the number of days lived; 2) growth, defined as the increment in size in mm per 
number of days lived, given by I = (Sf – S0)/D, where Sf is the size in mm on the day the 
amphipod died, S0 is the estimated initial size of juveniles (as described above) and D is the 
number of days the individual lived; 3) number of ovules per female; 4) proportion of ovulated 
females, defined as the number of females that were observed with ovules divided by the total 
number of identified females at the end of the experiment. 
  
4.9 Data analysis 
For the field study, density of S. pelagica among algal portions and seasons was 
analyzed using a two-way ANCOVA, with algal portion and season as fixed factors and 
epiphyte biomass as a covariate. Although S. pelagica does not consume epiphytes, other 
herbivorous amphipods inhabiting Sargassum feed on epiphytic algae (Jacobucci & Leite 2014, 
Machado et al. 2017) and might affect the distribution of S. pelagica within Sargassum through 
agonistic interactions, since tube building amphipods have been shown to aggressively defend 
their tubes (Borowsky 1983, Gutow et al. 2011). Thus, we investigated this possible effect by 
including the epiphyte biomass as a covariate in the model. In order to assess if there is an 
overall seasonal variation in the association of S. pelagica with Sargassum, we carried out a 




and using the density of S. pelagica on whole thallus samples as our response variable. We 
carried out two separate analyses for S. pelagica density to verify if any patterns not observable 
when looking at the whole alga scale emerge when looking at the intrathallus scale (i.e. apical 
portion vs. basal portion). Analyses were carried out using Type-III Sum of Squares (Hector et 
al. 2010). ANCOVA model simplification proceeded by removing non-significant interaction 
terms (Engqvist 2005), with the higher order interactions being removed first. 
Density of S. pelagica in apical and basal groups of the habitat-choice experiment 
were compared using a one-way ANOVA, with algal portion as a fixed factor. Consumption in 
the feeding rate experiment, growth and number of ovules per female in the performance 
experiment, as well as carbon, nitrogen, C:N ratio (algal nutritional quality analysis), phenolic 
concentration (algal defense analysis) and absorbance values within individual absorbance 
peaks (algal pigment analysis), were all analyzed using one-way ANOVAs, with algal structure 
as a fixed factor. Since the consumption on each algal structure on the preference experiment 
is dependent on the presence of other algal structures, data was analyzed using Hotelling’s T2 
test, as modified in Lockwood (1998). Outliers (n=3), considered as points outside 1.5xIQR 
(Interquartile Range) (Crawley 2013), were removed when analyzing the growth data in the 
performance experiment. Survival on the performance experiment was compared between all 
treatments using Log-Rank test, with multiple comparisons adjusted using Benjamini & 
Hochberg (1995) correction. Proportion of ovulated females on the performance experiment 
was compared between groups using Fisher’s Exact Test of Independence (ETI), with multiple 
comparison’s corrected with Benjamini & Hochberg correction. When necessary, data was 
transformed in order to meet test assumptions. All statistical analyses were conducted on R 
statistical software version 3.5.1 (R Core Team 2018). 
 
5. RESULTS 
5.1 Nutritional analyses of algal structures  
Carbon content varied greatly among Sargassum structures (ANOVA, F(3,8) = 188, 
P << 0.0001), with apical stem showing the highest carbon content, followed by basal stem, 
then apical blades, and with basal blades showing the lowest carbon percentage. Variation in 
the nitrogen content was subtler, but significant (ANOVA, F(3,8) = 8.318, P = 0.0077), with 
apical blade and stem presenting the highest nitrogen contents, while the basal stem had the 
lowest nitrogen content. Basal blades were not significantly different from the other structures 
in its nitrogen content. Sargassum structures also differed in their C:N ratio (ANOVA, F(3,8) = 




C:N ratios), while basal stem had the lowest nutritional value (the highest C:N ratio). Basal 
blades did not differ from the other structures in its C:N ratio (Figure 1a). 
The phenolic content of Sargassum structures showed a similar pattern for the 
estimations with the phloroglucinol and galic acid standard curves (Figure 1b). Phenolic content 
differed among algal structures (ANOVA, GA: F(3,8) = 4.447, P = 0.0406; PG: F(3,8) = 4.452, P 
= 0.0405). Apical blade had the highest concentrations of phenolics, with approximately twice 
more phenolics than basal stem, which was the structure with the lowest concentration of 
phenolics. Apical stem and basal blades did not differ between each other and the other 
structures in these defensive compounds. 
Regarding the pigments, three absorbance peaks were identified for the Sargassum 
structures in different regions of the spectrum: an ultraviolet peak (around 210-20 nm), a blue 
light region peak (around 400-450 nm) and a red light region peak (650 – 676 nm) (Taiz & 
Zeiger 2010). Absorbance in the ultraviolet range is mainly associated with phlorotannins and 
flavonoids, two types of polyphenolic compounds, in brown algae (Pavia et al. 1997, Vihakas 
2014), while the absorbance in the blue region (around 400-500 nm) is mainly associated with 
carotenoids, an accessory photosynthetic pigment (Mercadante 2008, Yip et al. 2014). In turn, 
the absorbance in the red region (around 660 nm) is mainly due to chlorophylls a and c (Seely 
1972, Marquez & Sinnecker 2008, Yip et al. 2014). 
For the three absorbance peaks identified, basal stem showed the lowest absorbance 
values, while basal blades had the highest absorbance values (ultraviolet peak: ANOVA, F(3,8) 
= 44.3, P < 0.0001; blue light region peak: ANOVA, F(3,8) = 52.87, P < 0.0001; red light region 
peak: ANOVA, F(3,8) = 69.99, P < 0.0001). The apical structures showed intermediate values 










Figure 1: Nutritional value of four Sargassum structures. (a) Carbon : Nitrogen ratio; (b) Phenolic concentration 
(defense) in equivalents of galic acid (gray columns) and phloroglucinol (black columns). AB = apical blades, AS 
= apical stem, BB = basal blades, BS = basal stem. Different letters indicate significant differences among 



















Figure 2: Absorbance values in the ultraviolet spectral region (A), blue light spectral region (B) and red light 
spectral region (C) for four Sargassum structures. AB = apical blades, AS = apical stem, BB = basal blades, BS = 
basal stem. Different letters indicate significant differences among treatments. Bars and error bars are mean ± 1 
SE. 
 
5.2 Distribution of Sunamphitoe pelagica within Sargassum thallus 
Considering the whole algal samples, the density of S. pelagica was not affected by 
season nor epiphyte biomass. In contrast, when it was considered the distribution of S. pelagica 
along Sargassum thallus, an effect of the interaction between the algal portion and the epiphyte 
biomass on the density of S. pelagica was detected (Table 1). Because it was detected a 
significant interaction (i.e. there are different slope estimations for the levels of algal portion 
factor), we could not make inferences based on the intercept estimations of the ANCOVA 


















1936, D’Alonzo 2004, Engqvist 2005) on the regressions of S. pelagica density on epiphyte 
biomass for the apical and basal groups (Figure 3).  
Epiphytism had no effect on S. pelagica densities on the basal portion of Sargassum 
(slope = -0.0168, t = -0.232, adjusted R2 = -0.03257, P = 0.818). In contrast, although S. 
pelagica density was higher on the apical portion than on the basal portion at low to moderate 
epiphytic loads (apical regression values are above basal regression values on the left of the 
JNlower boundary = 1.60g epiphyte biomass), its density was negatively affected by epiphytism 
on the apical portion of Sargassum (slope = -0.80, t = -3.676, adjusted R2 = 0.2943, P = 0.0009) 
and may reach similar density values to those observed on the basal portion at high epiphytic 
load (apical and basal regressions are non-significant within the JN-Interval: epiphyte biomass 
of 1.60g – 3.14g) or even lower density in epiphytic loads to the right of the upper JN-limit. 
 
Table 1: ANCOVA results for the density of Sunamphitoe on whole Sargassum thallus and apical – basal 
portions (intrathallus) analyses. Bolded P values are statistically significant. 
SOURCE DF SS F P 
Whole thallus     
intercept 1 0.4183 4.2512 0.0507 
season 3 0.2553 0.8649 0.4734 
epiphyte 1 0.0063 0.0635 0.8033 
season x epiphyte 3 0.1842 0.6240 0.6067 
residuals 23    
Intrathallus     
intercept 1 9.2386 131.1494 < 0.0001 
season 3 0.4557 2.1564 0.1043 
algal portion 1 1.4485 20.5628 < 0.0001 
epiphyte 1 0.5358 7.6064 0.0080 
algal portion x season 3 0.4937 2.3360 0.0844 
algal portion x epiphyte 1 0.4794 6.8052 0.0118 






Figure 3: Regressions of S. pelagica density on epiphyte biomass (g) for the apical (red) and basal (blue) portions 
of Sargassum. Vertical dashed lines delimit the JN-Interval of non-significance. The calculated lower and upper 
Jhonson-Neyman limits were JNlower = 1.60 and JNupper = 3.14, respectively. These are the values of the covariate 
(epiphyte in grams) that delimit an interval (JN-Interval) of non-significant difference between the two regressions’ 
predicted values. The apical and basal data points were pooled across seasons. 
 
5.3 Habitat choice experiment 
Sunamphitoe pelagica showed no preference for apical (mean ± SE = 0.14 ± 0.02) 
or basal (mean ± SE = 0.12 ± 0.03) portions of Sargassum, colonizing both portions at similar 
densities (ANOVA, F(1,6) = 0.243, P = 0.64), under controlled laboratory conditions. 
 
5.4 Feeding choice and no-choice experiments 
When all four algal structures were offered simultaneously, S. pelagica showed no 
preference for any particular structure (Hotelling T2 test, T2(3,17) = 2.38, F(3,17) = 0.71, P = 0.56; 
Figure 4). In contrast, when algal structures were offered individually (no-choice), S. pelagica 
consumed apical structures (blades and stem) and basal blades at a rate ~40% higher than it 






Figure 4: Multiple choice (gray columns) and no-choice (black columns) consumption rate by S. pelagica on four 
Sargassum structures. AB = apical blades, AS = apical stem, BB = basal blades, BS = basal stem. Different letters 
indicate significant difference in consumption among algal structures for no-choice assay (Tukey HSD). Bars and 
error bars are mean ± 1 SE. 
 
5.5 Performance experiment 
Sunamphitoe pelagica had a similar survivorship on all diets with Sargassum 
structures. Survival of this amphipod was significantly lower on the control group (Log-rank 
test, X2(4df) = 127, P < 0.0001; pairwise log-rank test between treatments with Benjamini & 
Hochberg correction for multiple comparisons; Figure 5a). Amphipod’s growth was affected 
by the diet (ANOVA, F(3,95) = 29.47, P < 0.0001; Figure 5b). Juveniles grew faster under diets 
with apical structures (blades and stem) and basal blades than when fed basal stems. Likewise, 
reproduction estimates were affected by the diet. Amphipods raised on the basal stem diet 
presented ~70% less females with eggs (Fisher’s ETI, P < 0.0001) when compared to 
amphipods fed apical structures and basal blades, which had an ovulation ratio of ~90% (Figure 
5d). Also, because of the extremely unequal sample size due to only three females ovulating in 
the basal stem diet (mean of 9 ovules per female in this treatment), we had to remove this 
treatment from the analysis of the number of eggs per female (it is shown in figure 5c merely 
for illustration of this treatment’s (BS) mean and SE, and was not compared with the other 








blades diets (Figure 5c), with no differences among these treatments (ANOVA, F(2,31) = 0.463, 
P = 0.633). 
 
 
Figure 5: Performance variables of S. pelagica developing on restricted diets of four Sargassum structures (AB = 
apical blades, AS = apical stem, BB = basal blades, BS = basal stem, CO = control) (a) Survival (%); (b) Growth 
(mm/day); (c) Number of ovules per female; (d) Proportion of females with ovules. In (a), diets sharing a vertical 
solid line are not significantly different. In (b) and (d), different letters indicate significant differences among 




























Table 2: Summary of results for amphipod and algal traits of the present study. Relative effects are only comparable 
within rows. HB = habitat choice experiment. N.T. indicates that effect on trait could not be compared for that 
structure. On density (field) and density (HB), effects were only assessed for algal apical and basal portions (i.e. 
there is no data for blades and stems). Question mark (?) indicates a suggestively intermediate value, but the trait 
for that structure was not statistically different from the other structures.  
VARIABLES 
ALGAL STRUCTURE EFFECT 
APICAL BASAL 
BLADE STEM BLADE STEM 
Amphipod Trait     
density(field) High (Negatively affected by epiphytism) Low (No effect of epiphytism) 
density (HB assay) Similar Similar 
preference Similar Similar Similar Similar 
feeding rate Similar Similar Similar Lower 
survival Similar Similar Similar Similar 
growth Similar Similar Similar Lower 
number of eggs Similar Similar Similar N.T. 
% egged female Similar Similar Similar Lower 
     




) High High Intermediate? Lower 
defense (phenolic) High Intermediate? Intermediate? Lower 
pigment (ultraviolet) Intermediate Intermediate High Lower 
pigment (blue) Intermediate Intermediate High Lower 
pigment (red) Intermediate Intermediate High Lower 
nitrogen High High Intermediate? Lower 




Despite intrathallus variation in nutritional value and defense allocation in 
Sargassum, the pattern of resource utilization in Sunamphitoe pelagica seems to be only 
partially explained by these differences. Table 2 summarizes these results and shows this partial 
relationship. In laboratory conditions, this restricted host-ranged amphipod shows non-selective 




Sargassum structures, with a similar performance in three of such structures (apical structures 
and basal blades), and distributing itself evenly on apical and basal portions of this brown alga 
host. On the other hand, the distribution of Sunamphitoe along Sargassum thallus in the field, 
where competition (for food and space) as well as predation and variation in abiotic conditions 
may play an important role, is uneven and dependent on the epiphyte load on algal fronds. 
Moreover, when the intrathallus scale is not considered, the dependence of Sunamphitoe’s 
distribution on epiphyte load disappears, suggesting we can lose important information when 
not investigating patterns on the organism’s scale. Below, we discuss these findings considering 
the ecological factors driving the intrathallus distribution of Sunamphitoe and highlighting the 
importance of considering the organisms’ scale in studies on spatial distribution.   
 
6.1 Intrathallus variation in nutritional value and defense allocation in Sargassum  
Sargassum shows considerable intrathallus variation in nutritional quality and 
defense allocation. Although not measured in the present work, it is known that this brown alga 
also displays intrathallus differences in toughness, with the basal stem being significantly 
harder than the blades and apical stem (Taylor et al. 2002). Thus, Sargassum intrathallus 
variation translates into structures with different functions (anchoring, growth, photosynthesis), 
of different nutritional qualities (C:N ratios), and different allocations in defense (phenolics 
concentration and toughness). The actively growing apical structures and the basal blades 
(important photosynthate source, as seen by its higher pigment concentrations) are more 
chemically defended, while the basal stem, the structure that connects the plant to the substrate, 
is more mechanically defended. Also, the more nutritious structures (lower C:N) are the softer, 
more chemically defended, apical structures and basal blades. It must be noted that given that 
we pooled algal tissue in order to obtain the necessary amount of algal material for performing 
these algal traits analyses, the statistical differences observed could be an artifact of the small 
variance associated with the pseudoreplicates, and these differences could possibly not have 
been observed if we had used true replicates. However, there is considerable support for 
intrathallus differences in nutritional quality and defense allocation in Sargassum (Taylor et al. 
2002, Kumar et al. 2015), as well as in other algae and plants (Cronin & Hay 1996, Jormalainen 
et al. 2001a, b, Toth & Pavia 2002, Pavia et al. 2002, Shelton 2004, 2005, Gutow et al. 2011, 
Dimarco et al. 2012, Gutbrodt et al. 2012). 
If each algal structure contributes differentially to plant fitness, then, differential 
investment in defense should be expected, as predicted by optimal defense theory (Feeny 1976, 




did not investigate a structure directly involved in reproduction, the apical structures and basal 
blades should have a major contribution in growth (apical growth and photosynthesis), while 
the basal stem is majorly involved in survival (anchoring) (Withers et al. 1975, Yoshida et al. 
1983, Taylor et al. 2002). In this sense, the basal stem is the more important of the four 
investigated structures of Sargassum, since damage in this structure could result in the entire 
alga detaching from the substrate (Taylor et al. 2002), greatly reducing or nullifying the three 
fitness components (e.g. reproduction, growth and survival). On the other hand, damage to the 
actively growing apical structures and the great photosynthate source, basal blades, is tolerable 
if it does not reduce its contribution to reproduction to zero. In fact, Taylor et al. (2002) shows 
that Sargassum has great (and differential) regenerative capacity when 30% of initial plant mass 
is removed either in terms of apical blades or basal blades, with the plant regenerating more 
biomass when the removal occurred on the basal blades. Thus, by chemically defending the 
apical stem and blades, and mechanically defending the structure whose integrity determines 
survival of the entire algal individual (basal stem), Sargassum can maintain functionality of 
each structure, as well as optimize defense allocation.  
Also, it is important to notice that the distribution of chemical compounds, like 
phenolics, unlikely evolved solely in the context of plant-herbivore interactions (Hay & Fenical 
1988, Hay 1996, Pavia et al. 1997, Honkanen & Haukioja 1998, Close & McArthur 2002, 
Hartmann 2007, Bhattacharya et al. 2010). An important example is the role of phenolics in UV 
radiation protection (Pavia et al. 1997, Close & McArthur 2002). The basal blades have the 
highest surface area of the four structures (Taylor et al. 2002), and, interestingly, it shows the 
highest absorbance values in the UV range, mainly attributed to flavonoids and phlorotannin, 
two phenolics considered to be involved in UV radiation protection. Thus, we should always 
exercise caution when interpreting plant traits in a plant-herbivore interaction context, 
especially if the strength of selection herbivores and plants exert on each other is asymmetric 
(Pearse et al. 2013, Speed et al. 2015, Endara et al. 2017).  
 
6.2 Distribution of Sunamphitoe pelagica within Sargassum thallus 
When considering Sunamphitoe’s distribution within Sargassum under field 
conditions, two major features arise: 1) this amphipod is selective with respect to algal portion 
and this selectivity is dynamic and correlated with the epiphyte load and 2) the correlation 
between Sunamphitoe’s density and epiphyte load only appears when intrathallus scale (algal 




at laboratory is somehow modified under field conditions, and that factors that might regulate 
its density on the host might not be appreciated if finer scales are ignored. 
The first of these features contrasts to the laboratory habitat choice experiment. 
Despite Sunamphitoe’s unselective behavior in respect to algal portion in the laboratory, on the 
field this amphipod colonizes mainly apical Sargassum portions, but only under low epiphytic 
load. As epiphyte biomass increases on the apical portions, Sunamphitoe’s density decreases, 
eventually reaching similar densities observed on the basal portions. This effect is so drastic, 
that at very low epiphytic loads, the apical portions present more than five times the S. 
pelagica’s density observed on the basal portions. Interestingly, this amphipod is not affected 
by epiphytism on the basal Sargassum portions, but it is important to note that these algal 
portions did not harbor as much epiphyte biomass as the apical portions. Overall, epiphytism is 
known to affect the diversity of associated fauna on macrophytes by offering an alternative food 
source (Jacobucci & Leite 2014, Machado et al. 2017), increasing the amount of available space 
(Jacobi & Langevin 1996, Jacobucci & Leite 2014) or increasing structural complexity, which 
may further enhance protection from biotic and abiotic factors (Hall & Bell 1988, Martin-Smith 
1993, Bologna & Heck 1999, Norderhaug 2004, Jacobucci et al. 2009b, Jacobucci & Leite 
2014). However, the effect of epiphytes does not follow a general trend for mesoherbivores, 
sometimes favoring some species, deterring others or having no effect whatsoever (Bell 1991, 
Pavia et al. 1999, Cruz-Rivera & Hay 2000, Jacobucci & Leite 2014, Armitage & Sjøtun 2016 
Machado et al. 2017). The reason for such ambiguous results probably lies on the ability of 
mesoherbivores to use epiphytes and hosts. If Sunamphitoe is unable to consume and effectively 
use the additional space created by epiphytic algae on Sargassum, then as epiphytic load 
increases, S. pelagica has less effective host biomass available for it to use, thus explaining its 
negative relationship to epiphyte biomass. In fact, Sunamphitoe avoid feeding on common 
epiphytes associated with Sargassum, such as Hypnea musciformis and Dictyota cervicornis 
(Machado et al .2017).  
Alternatively, epiphyte biomass might be reducing Sunamphitoe’s density on apical 
algal portions through an indirect interaction with other species, which in turn might be 
competing with Sunamphitoe for food and/or space. Some herbivore species consume both 
epiphyte and host tissues (Cruz-Rivera & Hay 2000, Jacobucci & Leite 2014, Machado et al. 
2017), such as the mesoherbivore Cymadusa filosa, that co-occurs with Sunamphitoe on 
Sargassum fronds (Jacobucci et al. 2009b, Jacobucci & Leite 2014, Machado et al. 2017). If 
epiphyte biomass acts to increase the abundance of competitively superior herbivore species, 




with increased epiphytic load. A second possible effect of the increase of other herbivores as a 
consequence of an increased epiphytic load is the heightened attraction of predators, which 
might lead to increased mortality of S. pelagica by predation, effectively reducing its density 
on algal portions with higher epiphytic loads. Other restricted host-ranged herbivores have been 
shown to have their patterns of intrathallus distribution regulated by predation, such as the 
herbivorous amphipod Sunamphitoe femorata (equals Perampithoe femorata) associated with 
Macrocystis pyrifera (Gutow et al. 2011). Under such selective pressures, it is evident how 
Sunamphitoe’s intrathallus non-selectivity becomes adaptive, incurring flexibility, such that 
this restricted host-ranged herbivore can switch between Sargassum structures, with relatively 
little impacts on its fitness. In this sense, this large niche breadth can promote within-host 
coexistence with other, even competitively superior, host occupants, especially if these 
competitors can be shown to have a narrower intrathallus niche breadth than Sunamphitoe. 
At similar epiphyte loads, the density of Sunamphitoe is much lower on basal 
portions than on apical portions of Sargassum and, most importantly, epiphyte biomass does 
not explain Sunamphitoe’s density on basal portions. One explanation for this result is the 
relatively lower average nutritional value of the basal portion, especially that of basal stems. 
With a lower nutritional value, the basal portions might not be capable of supporting similar 
densities of Sunamphitoe under the same epiphytic loads as the apical portions. This might be 
aggravated if the basal, older, algal portions are more heavily fouled by epibionts (Wahl 1989, 
Carlsen et al. 2007, Włodarska-Kowalczuk et al. 2009). Hard, encrusting, epibionts like 
bryozoans, sponges and polychaete tubes are also amongst the colonizers of macroalgae 
(Lippert et al. 2001, Christie et al. 2003, Włodarska-Kowalczuk et al. 2009), including 
Sargassum (Norton and Benson 1983, Leite & Turra 2003), and these might appear in higher 
densities on the older algal portions (Withers et al. 1975, Wahl & Hay 1995, Taylor et al. 2002). 
Such encrusting fauna might further impair the ability of S. pelagica to consume the basal 
stems, and even reduce its performance on the basal blades, by reducing the effective area 
available for grazing, such as has been observed in some instances for other herbivores (Wahl 
& Hay 1995, Taylor et al. 2002). This hypothesis is reinforced when comparing the field results 
with the habitat choice experiment, where both epiphytes and encrusting fauna were carefully 
removed from all algal parts. This might have raised the palatability of basal portions of 
Sargassum on the experiment, relative to the field, leading to characters intrinsically to the alga 
to be the solely responsible to act as the barriers for Sunamphitoe consumption, which had little 




The second feature concerns scale. Neglecting patterns at the scale at which the 
organism under investigation realizes its environment might lead to great loss of information 
(Levin 1992, Denny et al. 2004, Chave 2013). This becomes clear on the relationship between 
Sunamphitoe’s density and epiphytic load on Sargassum. When looking at the whole plant 
scale, this relationship becomes seemingly unimportant. This interpretation could lead to the 
formulation of models on larger scales, like community scale, that are actually misleading. Once 
we gain information that this whole-plant scale non-relationship is maintained by within-plant 
dynamics where the relationship between the herbivore, its host and epiphytes actually matter, 
important questions arise. In the context of the interaction of Sunamphitoe with Sargassum, 
there might exist certain levels of epiphytic load capable of completely exclude this herbivore 
from its host, which in turn might lead to cascades in species interactions (Duffy & Hay 1991, 
Brawley 1992, Taylor 1998, Duffy & Hay 2000, Toth et al. 2007) with large consequences for 
the system. Whether this is a true statement is passive of rigorous testing, but the important 
point here is that such possibility wouldn’t even be considered without investigations of these 
interactions at the intrathallus scale. Thus, if we wish to understand how plant-herbivore 
interactions are regulated and to what extent changes on small scales are tolerable to maintain 
larger scale patterns, it is imperative that we start to observe these interactions at the scale of its 
participants, otherwise we might be surprised by unpredicted shifts in system states due to our 
neglecting of processes on small scales.  
 
6.3 Feeding behavior and performance of Sunamphitoe pelagica 
It is clear from our results that Sunamphitoe’s feeding rate (i.e. consumption from 
no-choice experiment), but not feeding preference (consumption from choice experiment), is 
coupled with its performance on the four Sargassum structures. Also, Sunamphitoe’s feeding 
behavior is only weakly explained by the algal traits (C:N, phenolics and pigment content) 
measured in this study. Despite reduced performance on the basal stem structure, which could 
be explained by the higher C:N ratios of this diet, adult amphipods did not consume less of it 
when allowed to feed on the four algal structures simultaneously. However, when feeding on 
the basal stem in the no-choice assay, adult amphipods consumed it at a slower rate. A weak, 
or negative, correlation between preference and performance of herbivores is generally 
attributed to factors extrinsically to the host and this is a common pattern for small herbivores 
that use a host as both food and shelter (Poore & Steinberg 1999, Cruz-Rivera & hay 2001, 
Cruz-Rivera & hay 2003, Machado et al. 2019b). The reasoning behind this idea is that the 




fitness reduction of consuming food of lower nutritional quality (Poore & Steinberg 1999, 
Jormalainen et al. 2001a, Gripenberg et al. 2010). Classical examples include associational 
defenses from predation of herbivores that prefer chemically defended seaweeds, even at the 
cost of performing less well than on non-defended, more nutritious, algae that, in turn, may 
present higher risk of predation. For example, the amphipod Ampithoe longimana occurs 
preferentially on the chemically defended brown alga Dictyota menstrualis relative to the 
undefended Enteromorpha intestinalis, even though it performs better and consumes more of 
the latter when given a choice, with one of the reasons for its preference pattern lying on reduced 
predation risk from fish on the chemically defended Dictyota (Duffy & Hay 1994, Cruz-Rivera 
& Hay 2003).  
 In the context of non-selectivity in an intrathallus scale, the same reasoning should 
apply: the energetic cost and increased risk (predation or dislodgement) of moving between 
structures might not be worth the gain in consuming slightly better host structures. Increased 
mobility between algal structures, in search of better food, could lead to higher susceptibility 
to predation, and thus, increased mortality. There are works that show how mobility of 
mesoherbivores could increase predation risk (Duffy & Hay 1994) and how restricted host-
ranged herbivores of relatively low selectivity could have their intrathallus distribution 
regulated by predation (Jormalainen et al. 2001b, Gutow et al. 2011). For example, females of 
the isopod Idotea baltica, occurs preferentially on the darker, basal portions, of the brown alga 
Fucus vesiculosus, and this behavior is associated with predator avoidance, given that the 
females of this mesoherbivore perform better on the apical portions of this alga (Jormalainen et 
al. 2001b). In this sense, if non-selectivity evolved from factors extrinsically to the host, 
Sunamphitoe might have been selected to be unable, or have a reduced ability to distinguish 
between intrathallus differences in food value. 
 Sunamphitoe’s low selectivity in the habitat choice experiment is also in 
accordance with this hypothesis, where the amphipod shows low selectivity for any particular 
algal half, even at low densities (when compared to average total amphipod density observed 
on the field; Sunamphitoe density in habitat-choice experiment (ind/g Sargassum) ~ 1.0; field 
average total amphipod density = 9.819 ± 1.097). It could be argued that the time length of the 
experiment (24 h) might have been too short to describe Sunamphitoe’s actual distribution on 
the experimental fronds. However, this amphipod settles and builds its tube within ~30 minutes 
of introduction on the alga, showing little movement after, unless disturbed (personal 
observation). Some other factors extrinsically to the host that could also lead to the evolution 




(which could dislodge actively moving amphipods more easily) and host microhabitat 
conditions that ameliorate physicochemical stresses (e.g. temperature) (Gutow et al. 2011). In 
this scenario, the stronger the pressure of these host extrinsically factors and the lower the 
intrathallus variation in nutritional value (or, the greater the ability of the herbivore to cope with 
this variation), we should expect a higher probability of an herbivore to evolve intrathallus (and 
intraplant, in the case of plant-herbivore interactions in general) non-selectivity. 
Also, a similar feeding consumption among algal foods in the choice experiment 
may suggest a diet-mixing behavior. Diet mixing could appear as a strategy when different 
foods contribute with different nutrients and/or differ in their amounts of defense, such that the 
consumer optimizes a nutrient/toxin ratio of ingested food (Hägele & Rowell-Rahier 1999, 
Singer et al. 2002, Cruz-Rivera & Hay 2000, 2001, 2003, Unsicker et al. 2008). However, in 
our choice experiment, we suspect the non-preference of S. pelagica for any particular structure 
was mainly due to differences among individual amphipods, since each one fed mostly on one 
or two structures, rather than amphipods feeding equally on the different algal structures offered 
(data not shown). In this case, the choice of a particular structure seemed random, which may 
have contributed to the non-preference pattern. Furthermore, it could be argued that preference 
experiments are not suitable in estimating the feeding behavior of sedentary species like S. 
pelagica, given that these amphipods will move little after settling in a given structure, 
especially if the food options are kept too far apart. As consequence, it is likely that the 
consumption of any given choice is an artifact of low mobility of the herbivore (Poore & 
Steinberg 1999). Although this raises a limitation of preference experiments with sedentary 
herbivores, as pointed out by Poore & Steinberg (1999) for Sunamphitoe parmerong, it seems 
unlikely in our case, since S. pelagica has been shown of being capable of selectivity when 
different algal species are offered (interplant context) (Machado et al. 2017). The evidence of 
Sunamphitoe’s ability to be selective and the high individual component in determining its 
preference patterns, with random distribution of individuals among the available structures, 
point out that selectivity in this species is a matter of scale, where this herbivore shows low 
selectivity in within-host scales in its preferred host, but shows high selectivity in between-host 
scales, with high preferences for Sargassum (Machado et al. 2017). Studies that investigate the 
relative within-host preference patterns of such herbivorous species on non-preferred hosts 
should be very informative in understanding how host identity modulates within-host selectivity 
and if the preference status of different hosts generates different patterns of within-host 




 Feeding solely on the less chemically defended, but mechanically defended 
(toughness) basal stems, might not be an option, especially if the structure has an inferior 
nutritional quality. If a harder tissue requires more force to be penetrated, the consumer must 
invest more energy in manipulating such resource (Andrews & Bertram 1997, Clissold 2007, 
Hanley et al. 2007, Clissold et al. 2009). Evidence for this assumption comes from tokai geckos 
exerting more jaw force as prey size increased (Andrews and Bertram 1997); the higher 
mortality of the smaller, younger, first-instars of the beetle Chrysophtharta agricola feeding on 
harder leaves of Eucalyptus nitens, with increased survival when the leaves were damaged 
(Nahrung et al. 2001); and the locust Chortoicetes terminifera spending more time chewing 
harder grass diets (Clissold et al. 2009). In this sense, the net energetic gain may be too small, 
or even negative, such that the consumer cannot grow in such a resource (Pyke 1984). This 
seems to be the case for the basal stem consumption by S. pelagica, where this structure might 
require more handling energy than the other three structures. This becomes evident from the 
slower feeding rate of Sunamphitoe on the basal stem in the no-choice assay and the reduced 
growth and proportion of egged females in individuals developing on this diet. On the other 
hand, it is important to acknowledge how weak the effects of Sargassum chemical defenses 
could be on S. pelagica. Even when growing on the more chemically defended structures (apical 
structures and basal blades), amphipod survivorship was similar to when growing on the less 
chemically defended basal stem. Also, these amphipods grew better and developed more eggs 
feeding on these more chemically defended structures. Some works indicate that specialists, 
with more restricted host ranges, are more tolerant to the host’s chemical defenses than 
generalists, and that these specialists are better deterred by mechanical defenses (Duffy & Hay 
1994, van der Meijeden 1996, Jormalainen et al. 2001a, Ali & Agrawal 2012).  
The non-selectivity of S. pelagica may allow it to switch between different algal 
parts to reduce competitive pressure. If bigger species that co-occur with Sunamphitoe in 
Sargassum, like the mesoherbivore Cymadusa filosa (Machado et al. 2017, Machado et al. 
2019a), are capable of dislodging Sunamphitoe to poorer algal parts, like the basal stem, the 
later amphipod is still capable of at least surviving on this resource until better algal parts are 
available, a pattern that has been suggested in interplant contexts, with species occupying 
poorer quality hosts when preferred hosts are unavailable (Arrontes 1999, Pavia et al. 1999, 
Poore & Steinberg 1999, Poore 2004, Machado et al. 2019b). Also, these bigger, more 
aggressive mesoherbivores might have their densities regulated by predation (MacNeil et al. 
1999, Kota et al. 2010, Machado et al. 2019b), such that they might be unable to completely 




extinction if it had a narrower resource range within Sargassum. Thus, competitive pressure 
could also have contributed to the evolution of Sunamphitoe’s within-host non-selectivity. 
Unfortunately, information on how these species interact and on the dynamics of such 
interactions on an intrathallus scale are very scarce, but required if we wish to understand how 
different species might regulate each other’s densities and how these may act to promote both 
host and consumer persistence in nature. 
One particular problem faced by herbivores in rocky shore systems is 
unpredictability of algal resources (Hartnoll & Hawkins 1980, Chapman & Underwood 1998, 
Menconi et al. 1999, Foster et al. 2003, Jacobucci et al. 2009a, b). Some host algae are simply 
not available throughout the entire year (Lubchenco & Cubit 1980, Cubit 1984, Williams 1993, 
Airoldi 2000, Cox et al. 2017), and even when they are, they might not be present on constant 
densities and/or displaying the same nutritional value through time (Lubchenco & Gaines 1981, 
Fariman et al. 2015, Kumar et al. 2014, 2015). This unpredictability could be one of the 
explaining factors of why small marine herbivores are more adept of a generalist strategy when 
compared to terrestrial systems (Coley & Barone 1996, Singer & Stireman III 2001). 
Nonetheless, even under such conditions, restricted host-ranged species like S. pelagica 
evolved and are maintained in such systems. The relative constant presence of Sargassum when 
compared to other algae in the rocky shore (Jacobucci et al. 2009a, Machado et al. 2017) might 
explain why S. pelagica was capable of evolving a restricted host-ranged behavior on this host. 
However, Sargassum biomass and density on the algal bed is reduced at some times of the year 
(e.g. reduced density and biomass in Autumn at study site, Jacobucci et al 2009a, Machado et 
al. 2017) and algal nutritional value, as well as defense allocation, might change throughout 
time (Marinho-Soriano et al. 2006, Murakami et al 2011, Kumar et al. 2015). Thus, 
Sunamphitoe’s intrathallus non-selectivity (and tolerance to intrathallus variation) might help 
keep its population even when host is scarce or less palatable to other herbivores. Also, even 
though the host algae might appear abundant at some periods of the year, epibiont fouling might 
reduce the actual amount of host available to herbivores (Wahl & Hay 1995, Taylor et al. 2002). 
This, combined with interspecific competition, might present a rather unfavorable scenario for 
the evolution of restricted host-ranged behavior, unless there is some degree of non-selectivity 
in the herbivore that allows flexibility in switching to available host structures or persisting on 






6.4 The mesoherbivore world: what have we been missing? 
Despite the importance of mesoherbivores and their relative small size when 
compared to the host, few studies have acknowledged the within-host scale in which these 
herbivores interact with their environment, especially on marine systems (Cronin & Hay 1996, 
Jormalainen et al. 2001b, Taylor et al. 2002, Toth & Pavia 2002, Duarte et al. 2011, Gutow et 
al. 2011). Where within-host scales have objectively been addressed, contrasting results appear, 
suggesting a strong interplay between host and herbivore identity, degrees of intrathallus 
variation in nutritional value and defense allocation of host structures, herbivore tolerance to 
this variation and extrinsic factors to the host. The interesting feature brought by these studies 
is that different host occupants are differentially affected by within-host variation, which 
support the idea that these variations and the selection of different strategies to cope with 
within-host variation might create enough niche differentiation to support the coexistence of 
different herbivore species in a single host. Also, it seems that there is differential within-host 
selectivity between mesoherbivore species that are more host-restricted and species that show 
a more generalist behavior (Cronin & Hay 1996, Jormalainen 2001b, Toth & Pavia 2002). It 
raises the question of whether restricted-host ranged mesoherbivores evolve to be less selective 
(and more tolerant) to within-host variation in nutritional quality and defense allocation than 
does the more generalist counterparts. Answering this question could lead to huge advances on 
our understanding of the forces that shape the selection of these alternative strategies as well as 
on the forces that might modulate it in a continuous context, rather than on extremist bipolar 
view of generalist and specialist behaviors. Also, it could contribute to our understanding on 
how species might coexist on limited resources.  
Even when small scale patterns are not the focus of a study, the differences shown 
in these within-host scales point out that caution should be taken in designing our investigations. 
Neglecting such variation might cause concerning problems in the interpretation of our results 
and, unfortunately, few studies have reported controlling for intrathallus (and intraplant, in 
producer-herbivore interactions in general) variation within the host. For example, when 
running nutritional analyses of a host and how this nutritional value relates to herbivore 
behavior, a mismatch might occur because we are blending all host structures for the nutritional 
analyses, but the herbivore might be consuming specific parts on our feeding assays. This could 
ultimately lead to false relationships between host nutritional value and herbivore preference-
performance relationships. We should make efforts to control for within-host variation in 
feeding assays with mesoherbivores, or at least report if we had this care on experimental 






Sargassum could be seen as a mosaic of more and less palatable structures to 
herbivores, as it is likely the case for many other plants. Different herbivores might cope 
differently with such variation, with some being more tolerant than others with implications in 
within-host selectivity. Sunamphitoe pelagica is one such herbivore, where host intrathallus 
variation is not reflected in herbivore’s selectivity, despite detrimental effects on herbivore’s 
fitness of at least one of the algal structures. Understanding the relationships between herbivore 
and host on the scales that these organisms perceive their environment is fundamental, not only 
for descriptions of patterns on these small scales, but also for patterns on larger scales. Thus, 
building up on the knowledge on the small scales that constitute the world of tiny, however, 
very important, herbivores, is fundamental to improve the predictability in the behavior of a 
system of tremendous importance such as producer-herbivore interactions. The more we know 
of the forces that regulate primary producer’s biomass, the base of trophic interactions, the more 
successful we ought to be in preventing disastrous shifts in system states that might culminate 
in the complete eradication of plant populations and the biodiversity they support, with their 





















8. CONSIDERAÇÕES FINAIS 
Sargassum pode ser visto como um mosaico de estruturas de diferentes 
palatabilidades para herbívoros, como é o caso para muitas algas e plantas. Diferentes 
herbívoros podem apresentar diferentes sensibilidades a esta variação intra-hospedeiro, onde 
alguns podem ser mais tolerantes que outros, com implicações na seletividade do herbívoro por 
diferentes estruturas dentro de um hospedeiro. Sunamphitoe pelagica é um destes herbívoros, 
onde a variação intra-alga dentro de seu hospedeiro não se reflete na seletividade deste 
herbívoro, apesar de efeitos negativos de pelo menos uma destas estruturas na performance do 
anfípode. Entender as relações entre herbívoro e hospedeiro nas escalas em que estes 
consumidores percebem seu meio é fundamental, não somente para descrição de padrões em 
pequena escala, mas também para padrões em escalas maiores. Para isto, são necessários 
trabalhos que investiguem diretamente como variações dentro de um hospedeiro se refletem na 
preferência e performance dos herbívoros que os consomem, não somente em escalas espaciais, 
mas também temporais, dado que plantas podem apresentar variações ao longo do tempo em 
sua qualidade nutricional e alocação de defesas, tornando ainda mais complexo e dinâmico o 
nível de variação percebido por consumidores. Deve-se também ressaltar que as interações de 
um par herbívoro-hospedeiro não ocorrem de maneira isolada e nosso conhecimento de como 
mesoherbívoros interagem nas escalas dentro de um hospedeiro, bem como fatores abióticos 
podem modular as distribuições em diferentes porções de um mesmo hospedeiro, é muito 
limitado. Entretanto, para que possamos realmente enxergar as forças que modulam padrões de 
abundância e diversidade de herbívoros em escalas intra-hospedeiro, os quais por sua vez 
podem ter efeitos moduladores na biomassa do hospedeiro, o conhecimento destas interações é 
indispensável. Trabalhos que mostrem como diferentes espécies (competidores ou predadores) 
e outros fatores extrínsecos ao hospedeiro, como ação de ondas e temperatura, são capazes de 
alterar padrões de consumo e distribuição de importantes herbívoros em escalas intra-
hospedeiro são promissores em elucidar como uma ampla gama de herbívoros são capazes de 
manter suas populações em um único hospedeiro, e se (e como) estas interações podem permitir 
a manutenção do próprio hospedeiro. Além disso, considerando estas importantes variações 
dentro de um hospedeiro, é imprescindível que passemos a controlar para tais variações em 
nossos desenhos experimentais, especialmente quando o foco de estudo forem herbívoros de 
pequeno tamanho comparado ao hospedeiro. 
Outra linha fundamental de investigação deve ser como a informação é transferida 
entre diferentes escalas. Entender como padrões de interação herbívoro-hospedeiro se traduzem 




habilidade de prever o comportamento de sistemas de grande escala e de reter, com 
confiabilidade, quais informações são relevantes na descrição de um padrão ou processo de 
interesse, como em processos e serviços ecossistêmicos, bem como na ampliação da eficácia 
de estratégias de conservação. Para tal, estudos que considerem simultaneamente diferentes 
escalas das interações herbívoro-produtor, e como processos e padrões em uma escala se 
traduzem em outras, são desafiadores, mas necessários. 
 Portanto, desenvolver nosso conhecimento nas pequenas escalas que constituem o 
mundo destes pequenos, mas muito importantes, herbívoros, é imprescindível para melhorar 
nossa habilidade de prever o comportamento de sistemas de tremenda importância como o são 
as interações herbívoro-produtores. Quanto mais soubermos sobre as forças que modulam e 
regulam a biomassa de produtores primários, a base das cadeias tróficas, maior será a nossa 
capacidade em prevenir mudanças desastrosas no estado dos sistemas, os quais podem culminar 
na completa erradicação de populações de plantas e da biodiversidade que elas abrigam, com 
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